An exact mathematical solution to Laplace's equation is presented for appropriate boundary conditions associated with the problem of dual-pipe subirrigation and drainage. The solution can be used to determine a flow net within the groundwater flow region and the associated water table shape. The solution is general. The effects of several hydraulic and geometrical parameters on the groundwater system, such as thickness of saturated zone, position of subirrigation and drainage pipes, heads in the subirrigation and drainage pipes, crop evapotranspiration, fraction of inflowing subirrigation water that exits through the drains, and the aquifer hydraulic conductivity system are evaluated. 
INTRODUCTION
The flow problem of dual-pipe subirrigation and drainage is illustrated in Figures 1 and 2 . The problem involves the use of the stream function to determine heads, velocities, and other hydrological quantities for a dual-pipe subirrigation-drainage system patented by Thornton [1985] . We already have done some analysis of a related problem that used rectangular (slit) tubes [Kirkham and Horton, 1986] . Here cylindrical (circle) tubes are used for both subirrigation water supply and subsurface drainage sinks.
Literature on subirrigation includes works by Ernst [ 1962 
Evapotranspiration e, Water Table Arch z
To make sure physically that e is a constant along the water table arch we assume, as in our earlier papers [Kirkham and Horton, 1986; Kirkham and Powers, 1984 (hereinafter KP), p. 113] that the flow in the water table arch (above line ED in Figure 2 ) is straightened vertically by infinitesimally thin, perfectly smooth, closely spaced, rigid, impervious, "metal" membranes. These membranes, when considered in adjacent pairs, serve as piezometers, which give the water table height z above the line ED. This height z in our analysis is an unknown to be determined as is the water table arch height H, which is a special value of z at the point D in the figure. In our analysis we initially assume that the porous medium (soil) in the arch region has been replaced by infinitely permeable "gravel" that makes adjacent metal strips true piezometers. Later we can replace the fictitious gravel by the original soil to get a correction factor [KP, p. 1 !9]. For low water table heights our solution, z or H, either for gravel or for replaced soil, becomes exact.
Laplace's Equation for the Stream Function
We use Laplace's equation for the stream function to solve our problem. We solve the equation first for fictitous narrow rectangular vertical "slit tubes" (slits) that we temporarily imagine to replace the circle tubes (circles) in Figure  2 . Later we shrink these slits to points which then become centers of (near) circle tubes, for which we get the potential function and desired heads. These near-circle tubes will be associated with actual drain tubes of finite diameter. 
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Combining (12) To get ß of (21) We define a variable V(x, y), which we write by selecting ß elements in Table 3 
Formulas for Heads z and H and Star Notation
From ( In the right-hand side of (26a) and (26m) we may use (26d) and (26e). We shall next work on V(x, y).
An Expanded Form of V( x, y) for Rapid

Convergence
There are difficulties in working with (23). For example, the first sum is slowly converging near y = h, the second near x = s, and the third near x = 0. Also, the first sum is nonconvergent at (0, h), the second at (s, h), and the third at (0, h). We can (see microfiche supplement l) change [after Kirkham, 1958 
which takes care of point (0, h). In (34),/52 + e 2 = (radius) 2.
As we found Vb(0, h) of (36) from (29c), we can similarly find Vc(S, h) from (29d). We replace, in (29d), x by s -e and y by (h -/5) and after using the identity (30) we find 
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FURTHER ANALYSIS
With (36) and (37) at hand we can now readily get some special values of V(x, y) of (29a). We start with V(0, h).
Equations for V(O, h)
We return to (29a), insert x = 0 and y = h and get
In (29b) we insert x = 0 and y = h, rearrange, and find
Va(0, h) as
In 2
From ( 
RESULTS AND DISCUSSION
Knowns and Unknowns
To present results we need to have "knowns" and "unknowns" (independent and dependent variables) in mind.
We take them, given in 
H= [(e/k)s/(1 -f)][V(s, h)-V(O, h)] (55)
We make two remarks about H of (55). Figure 2 , the distance H ss is less than H, there will be a "blowout" or seep above the inflow tube. Blowouts are unlikely to occur when (es/k) is small.
If, in
2. Drain radii p and r of the "knowns" (51a) do not appear explicitly in H of (55) (nor in (52), (53a), or (54) ). This is because we assumed line sources and sinks of zero radii at the outset of our derivation, and line sources and sinks do not have radii. Nevertheless, our problem assumes (51a) the tube radii are nonzero; otherwise, no water would flow through the flow region and our problem would not exist. The larger the radii of the tubes, the less head difference will be required to get a certain amount Q/2(= es/(1 -f) of (52) The sums C, D, and E of (56a) should be summed to as many terms as are needed for a desired accuracy. We have taken enough terms in our calculations so that the number in the fourth place of' decimals did not change when more terms were taken. To determine the number of' terms to take for a particular sum see Kaplan [1959] .
The Heads h* and h •
We come now to h* and h• of our "unknowns." (Remember the asterisks denote heads with respect to level y = h in Figure 2 ).
For h*•, from (26g) and (26j) (with V(p, 13) as in (29a)-(29h) and V(0, h) as in (38)-(45)) we write h*., as e $ h* = [V(p 13)-V(O h)]
W ' ' kl-f(57)
Similarly from (26h) (with V(s -r, b) as in (29a)-(29h) and V(0, h) as in (38)-(45)), we write h• as e s h• =k 1 _f[V(s-r, b)-V(O, h)] (58)
A main point about (57) and (58) is that, unlike heads z, H, qb, and •b*, which are not functions of p and r, the head h*•, is a function of p, and the head h% is a function of r. Physically, the head h*• may be negative. When it is, the levels in Figure 2 of the ditch bottom, the drain pipe end, and the ditch water will all be below the level y = h. The heads in this table are As an example of Table 2 we may compare the maximum   water table elevation (arch height) We come now to (A2). We wish to show that the normalized streamlines do not depend on e/k. 
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